The typical assumption is that patients with CKD will have progressive nephropathy. Methodological issues, such as measurement error and regression to the mean, have made it difficult to document whether kidney function might improve in some patients. Here, we used data from 12 years of follow-up in the African American Study of Kidney Disease and Hypertension to determine whether some patients with CKD can experience a sustained improvement in GFR. We calculated estimated GFR (eGFR) based on serum creatinine measurements during both the trial and cohort phases. We defined clearly improved patients as those with positive eGFR slopes that we could not explain by random measurement variation under Bayesian mixed-effects models. Of 949 patients with at least three follow-up eGFR measurements, 31 (3.3%) demonstrated clearly positive eGFR slopes. The mean slope among these patients was +1.06 (0.12) ml/min per 1.73 m 2 per yr, compared with 22.45 (0.07) ml/min per 1.73 m 2 per yr among the remaining patients. During the trial phase, 24 (77%) of these 31 patients also had clearly positive slopes of 125 I-iothalamate-measured GFR during the trial phase. Low levels of proteinuria at baseline and randomization to the lower BP goal (mean arterial pressure #92 mmHg) associated with improved eGFR. In conclusion, the extended follow-up from this study provides strong evidence that kidney function can improve in some patients with hypertensive CKD.
domization to the lower BP goal (mean arterial pressure #92 mmHg) associated with improved eGFR. In conclusion, the extended follow-up from this study provides strong evidence that kidney function can improve in some patients with hypertensive CKD. CKD is typically characterized by progressive loss of renal function, although there is wide variability in the rate of progression. Proteinuria, hypertension, and black race have been identified as independent predictors for more rapid progression of CKD. [1] [2] [3] Accelerated progression of CKD is thought to contribute to the disproportionate burden of ESRD among African Americans. [4] [5] [6] Although the majority of CKD patients experience a progressive decline in renal function, several clinical trials with variable follow-up data have described a minority of patients with stable renal function during follow-up. 1, 7 Together with some histopathologic evidence, 8 there are experimental data supporting potential for improved renal function. 9 Clinical studies identifying patients with stable renal function have been short term (just 2-4 years) and predominantly included populations of European descent.
Documenting with certainty that kidney function actually improves is challenging. Because measures of kidney function such as the GFR are associated with random measurement error and because most studies use such measurements to identify individuals with reduced kidney function, the appearance of increased kidney function might merely reflect regression to the mean, especially in short-term studies. There is presently no convincing evidence that kidney function, as assessed by GFR, actually improves in patients with CKD. Identification of such individuals may provide insights into reparative mechanisms that may guide therapeutic approaches.
The African American Study of Kidney Disease and Hypertension (AASK), with up to 12 years of follow-up, provides a unique opportunity to observe CKD progression among African Americans with hypertensive CKD. The objective of this study was to determine if CKD can improve with sustained GFR increases, using data obtained over the course of extended followup in the AASK study.
RESULTS
Demographic characteristics for the entire study cohort were previously published. 10 Similar to the entire cohort, patients included in this analysis had a mean age at randomization of 55611 years, average baseline iothalamate GFR (iGFR) of 49613 ml/min per 1.73 m 2 , median number of estimated GFR (eGFR) measurement of 16 (interquartile range [IQR], [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , and mean protein excretion of 4626879 mg/d; 61% were male. Figure 1 shows the distribution of the individual patient's least-squares eGFR slopes over the follow-up period. A total of 104 of the 949 (11%) of analyzed patients had positive slopes. The figure also shows the distribution of the eGFR slopes as computed under the Bayesian linear mixed-effects model, in which 94 (10%) had positive slopes. Because the Bayesian model accounts for measurement error and other sources of short-term biologic variability, the Bayesian slope estimates display less variability than the least-squares slope estimates.
The Bayesian model is able to provide the probability that each patient's true underlying slope is greater than zero. The distribution of these probabilities across the 949 patients is displayed in Figure 2 . As shown, 31 patients had a probability of at least 0.95 of having a positive slope, 41 had a probability of at least 0.90 of having a positive slope, and 94 patients had a probability of at least 0.50 of having a positive slope.
The individual eGFR trajectories and the mean eGFR linear regression line of these 31 participants are displayed in Figure  3 , along with the mean eGFR regression line derived from the remaining cohort. The median follow-up time was 9.8 years (IQR, 7.6-10.7) for the 31 improvers. Baseline eGFR values were comparable for improvers and nonimprovers (53.2 versus 50.9 ml/min per 1.73 m 2 ; P=0.53), but the eGFR slopes differed significantly during follow-up (1.06 versus 22.45 ml/min per 1.73 m 2 per yr; P,0.001) (Table 1) . Notably, this pattern was also evident during the trial phase as demonstrated by mean iGFR slope of 1.21 ml/min per 1.73 m 2 per yr for improvers and 22.03 ml/min per 1.73m 2 per yr for other participants (P,0.001). Baseline serum creatinine and changes followed a similar pattern as eGFR and iGFR. Improvers also had a smaller yearly change of proteinuria (trial phase data) than nonimprovers (1.1%/yr versus 13.8%/yr; P=0.01). The mean weight change was 20.33 kg/yr for improvers, compared with 20.15 kg/yr for nonimprovers (P=0.81).
The Bayesian mixed-effects model was also applied to the iGFR data available in the trial phase only. Of the 31 improvers identified from eGFR data, 24 (77%) also had .0.95 probability of having a positive slope in iGFR. The mean iGFR slope of these 24 improvers was 2.12 ml/min per 1.73 m 2 per yr, compared with 22.02 ml/min per 1.73m 2 per yr for the rest of the cohort (P,0.001).
Baseline urinary protein, measured by spot and timed collection, was lower (median 0.10 g/d; IQR, 0-0.1; range, 0-2.0) among improvers than nonimprovers (median 0.10 g/d; IQR, 0-0.4; range. 0-7.2) ( Table 2 ). The actual distributions of urinary protein are displayed in Figure 4 . Baseline proteinuria, measured by the urinary protein/urinary creatinine ratio, was also lower among improvers than nonimprovers. Income and education level, BP, and biochemical measurements were similar in both groups. Baseline weight and randomized medications did not differ significantly, but a larger percentage of improvers received low BP control than nonimprovers (P=0.002) at randomization. There was a slight trend toward younger age in improvers compared with nonimprovers. The best-fitting multivariate model, as determined by Akaike Information Criterion (backward selection), included the randomization group and the following predictors: age, sex, BMI, weight, total cholesterol, and proteinuria. Lower age and proteinuria were statistically significantly associated with being an improver (odds ratio, 1.04; 95% confidence interval [95% CI], 1.00-1.09; P=0.05 per 1 year younger; and 1.36; 95% CI, 1.05-1.75; P=0.02 per 50% lower proteinuria).
After exclusion of a single patient with an amputation below the knee (see Concise Methods), comparison of the remaining 30 improvers with the remaining cohort provided similar results to those described above.
DISCUSSION
We observed that 10% of individuals (posterior probability of having positive eGFR slopes .0.50) in the cohort did not develop progressive nephropathy and 3% (posterior probability of having positive eGFR slopes .0.95) demonstrated clear clinical evidence of CKD improvement with extended followup of renal function in AASK participants. Furthermore, in this population with characteristically low-grade proteinuria, we determined that low urinary protein excretion at baseline was a significant predictor of improved kidney function ( Table 2 ). The percentage of improvers was significantly higher for the low BP control group than the usual BP group. This result stands in contrast to the trial's primary and main prespecified secondary analyses which showed no significant benefits in the full AASK cohort of the lower BP goal on GFR slope or on clinical events defined by ESRD, death, and either designated increases in serum creatinine or designated decreases in iothalamate GFR. The association between assignment to the lower BP goal and the proportion of improvers suggests that although the low BP control failed to slow progression in the full AASK cohort, 11, 12 it may benefit low-grade CKD patients. This post hoc finding, however, must be interpreted as exploratory and deserves further validation. Interestingly, other factors such as baseline GFR, BP, and socioeconomic indicators were not predictive of improvement in eGFR. On the basis of long-term followup of AASK participants, these results, in aggregate, provide strong evidence that kidney function can improve in some patients with hypertensive CKD.
Numerous studies over the last 2 decades have focused on predictors of CKD progression and interventions that slow the disease course. 1, 3, 7, [13] [14] [15] [16] Among these studies, however, there is limited, if any, information characterizing subsets of study populations with improved renal function. The first unequivocal clinical evidence supporting the potential for CKD regression was demonstrated in patients with type 1 diabetes after pancreas transplantation. With correction of the metabolic milieu, proteinuria and histopathologic findings consistent with diabetic nephrosclerosis improved over 10 years. Renal function measured by creatinine clearances, however, did not improve. These results, however, are likely confounded by immune suppression therapy. In our study, we do not have renal biopsy data to document pathologic evidence of CKD regression. However, the average positive eGFR slope of approximately 1 ml/min per 1.73 m 2 per yr, evaluated over 8-12 years and confirmed by measured iGFR in the trial phase, supports sustained improvement in GFR in a small subset of our participants. The course of renal function in this group is distinctly different from the remainder of the cohort, which progressed at an average rate of approximately 22.5 ml/min per 1.73 m 2 per yr. Overall, it is challenging to compare the percentage of AASK patients with nonprogressive disease to results described in other studies. The Modified Diet in Renal Disease (MDRD) study described 15% of the patients with stable or improved renal function as defined by least-squares GFR slopes that were $0. However, these findings were based on a relatively short followup period of 2.2 years, and did not account for the uncertainty in the estimated slopes due to measurement error and short-term biologic fluctuation. In the Ramipril Efficacy in Nephropathy follow-up trial with a mean follow-up of 28 months, 17 the investigators demonstrated a positive GFR slope in 10 of 26 patients receiving prolonged ramipril therapy among patients with chronic nondiabetic glomerulopathies. Similarly, they also observed a significant reduction in proteinuria in parallel with the improvement in GFR. In this trial, however, improvement in GFR was delayed in most individuals by approximately 1 to 4 years after randomization. In addition, participants switched to ramipril therapy after the 36-month trial did not show improvement in GFR. In contrast, we did not observe a delay in positive GFR slope ( Figure 3 ) and improvement in GFR was not linked to length of time on ramipril therapy (P=0.76). To our knowledge, there are no studies among patients with hypertensive nephrosclerosis to accurately compare the course of renal disease in African Americans versus other racial/ethnic groups. Potentially, the Chronic Renal Insufficiency Cohort Study, 18 an on-going observational cohort study of over 3900 racially diverse patients with CKD including hypertensive nephrosclerosis, may help to further characterize patients with stabilization and regression of renal disease.
The renoprotective effects of ACE inhibitor therapy have been well described. 3, [13] [14] [15] [16] Experimental data show that reninangiotensin-aldosterone system blockade enhances repair mechanisms subsequently leading to histologic and functional regression of chronic renal injury. 9, 19, 20 However, regression of CKD with these agents has not been well supported in clinical trials. The reduction in GFR from hemodynamic effects of renin-angiotensin-aldosterone system blockade may mask functional improvements. In addition, the duration and extent of chronic irreversible damage in disease manifested clinically may limit the potential for renal regeneration. In that regard, it is notable that there was a trend (P=0.07) toward younger age as a predictor of positive eGFR slope in the AASK cohort. This age-related trend may be due to a number of factors, including the possibility that younger individuals have less risk factor exposure leading to less irreversible damage and also greater regenerative potential.
Our findings link low baseline protein excretion in a non-glomerular disease population to CKD regression. Furthermore, we demonstrate that the percentages change in proteinuria is associated with improvement in eGFR (Table 1) . This is an interesting finding as clinical trials show that the extent of reduction in proteinuria among patients with glomerulopathies is predictive of slower disease progression. 3, 14, 17 Experimentally, proteinuria induces interstitial inflammation and fibrosis through multiple mechanisms and is considered an important mediator of progressive damage. 21 However, the beneficial effects of reducing already low-grade protein excretion in nonglomerular diseases like hypertensive nephropathy may be limited.
Our study has limitations. First, we do not have renal biopsy confirmation that would link improvement in eGFR to histopathologic regression of CKD. In addition, we do not have measured GFR for the entire length of the study to confirm these results. However, measured GFR limited to the trial phase confirmed the improvement in eGFR for the majority of patients. Another potential alternate explanation for the apparent increase in kidney function is a systematic bias in the estimate of kidney function based on serum creatinine due to changes in body composition or diet. As far as we can discern, however, anthropomorphic and nutritional factors that may lead to changes in serum creatinine unrelated to renal function seem to be constant among individuals. To reduce any such bias, we reviewed serial weight measurements and excluded one participant with an amputation during the study. Although our statistical methods reduced the potential for random fluctuations to be considered a meaningful improvement in kidney function, we cannot wholly discount the possibility that some participants had a pattern of random errors that met our definition of "improving." Lastly, as previously stated, the study population was limited to African Americans, and these results may not be generalized to other racial groups.
Our study also has several strengths. First, improvers were identified from eGFR data over an extended follow-up period up to 12 years. Second, longitudinal iGFR and proteinuria data likewise documented improvement. Third, a Bayesian method was used to produce slope estimates that have much smaller variability than the crude least-squares estimates used in other studies. The Bayesian method provides a more complete assessment of each patient's slope by providing a full (posterior) probability distribution that accounts for the uncertainty in the slope estimate.
In conclusion, our study with long-term follow-up provides strong evidence that kidney function can improve in some patients with hypertensive CKD.
CONCISE METHODS

Study Population
This was a multicenter, randomized clinical trial of African American individuals who were aged 18-70 years, and had a GFR between 20 and 65 ml/min per 1.73 m 2 at enrollment. The trial enrolled 1094 participants who were randomly assigned according to a 332 factorial design to one of three initial drug therapies for hypertension (ramipril, amlodipine, or metoprolol), and to one of two levels of BP control (mean arterial pressure #92 mmHg or 102-107 mmHg). The trial ended in September 2001, and the main results have been published elsewhere. 11, 13 From 787 participants alive and not on dialysis at the end of trial, 691 enrolled in the cohort study for an additional follow-up of 5 years. 22 Institutional review boards at each center approved the protocol and procedures, and all participants gave written informed consent.
Measured and eGFR
GFR was assessed by renal clearance of 125 Iiothalamate twice at baseline, and at 3, 6 months, and then every 6 months thereafter up to 5 years. 23 From measured GFR data, an equation was derived to estimate GFR using serum creatinine 24 : eGFR = 329 3 (serum creatinine) 21 .096 3 (age) 20.294 3 (0.736 for female). For study participants, this equation was more accurate than the MDRD formula. The eGFR formula was then used for longitudinal assessment of renal function across both the trial and cohort phases of AASK. To avoid the acute, hemodynamic changes in GFR related to drug intervention, 11, 13 we focused on chronic eGFR slopes, which were calculated from 3 months postrandomization onward. Those AASK participants with ,3 eGFR measurements after the first 3-month follow-up visit were excluded (n=145). Therefore, 949 of 1094 participants were included in this analysis, with a median follow-up of 8.8 years.
Statistical Analyses
The standard method for estimating the eGFR slope of an individual patient is to determine the regression line that is closest to that patient's eGFR measurements in the sense of minimizing the sum of the squared deviations of the individual eGFR measurements from the line. Slopes computed in this way are called least-squares slopes. Due to measurement error and other extraneous shortterm biologic variation, the least-squares slopes tend to be more variable over a population than the underlying true slopes that they are intended to estimate. Hence, direct evaluation of the fraction of patients with positive least-squares slopes will overestimate the proportion of patients whose true long-term slopes are positive. To control for this bias, we applied Bayesian linear mixed-effects models to estimate the distributions of the underlying "true" eGFR slopes of the participants after accounting for this extraneous short-term variability. We estimated a "posterior" mean slope for each patient on the basis of the Bayesian model described below, which can be interpreted as the mean of the slopes that are compatible with the data under our assumed model, as well as the posterior probability that the true underlying slope is .0. We classified patients as having a "clear positive slope" if the posterior probability that their true slope is .0 exceeded 0.95.
Technically, for each participant, the eGFR trajectory was modeled as a linear function of time with a patient-specific intercept and slope. The residual variance of the individual eGFR values about the patient's regression lines were assumed to be proportional to the mean eGFR level, to account for greater variability at higher eGFR levels. 25 A hierarchical prior with two levels was specified for the patient-specific intercept and slope. At the first level, the patientspecific intercept and slope were assumed to follow a bivariate normal distribution. At the second level, the mean intercept and slope were assumed to follow noninformative uniform distributions in order to assure that our results reflect the data rather that our prior assumptions. The covariance matrix of the bivariate normal distribution follows a Wishart prior distribution with two degrees of freedom. Other parameters in the mixed model were assumed to follow independently improper uniform prior distributions. On the basis of this Bayesian model, a Gibbs sampling algorithm was used to simulate posterior samples of the eGFR slopes from the joint poster distribution. The posterior means and the probabilities of having positive slopes were estimated based on these posterior samples.
Study clinicians reviewed a summary including primary and secondary causes of hospitalizations and serial measurements of weight, BP, total cholesterol and serum albumin to determine if any of the patients with clear positive eGFR slopes had clinical events that were likely to invalidate the creatinine-based estimates of GFR. This Figure 4 . Distribution of urinary protein by improvers and nonimprovers. The solid line is the density curve of urinary protein for nonimprovers, whereas the dashed line is for improvers. Density curves are obtained using kernel-based smoothing method. review led to the designation of one patient with a below-the-knee amputation as having potentially problematic eGFR values.
Baseline clinical and demographic variables were summarized as means and SDs (or medians and interquartile ranges) for continuous variables and as frequencies and percentages for categorical variables. Each variable was then compared between improvers and nonimprovers by using t tests, Wilcoxon rank-sum tests or chi-squared tests as appropriate. Linear mixed-effects models were used to assess and compare the changes of other biomarkers that were measured longitudinally. All statistical analyses were performed using SAS 9.1.3 (Cary, NC) and WinBUGS 1.4.3 software.
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